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7KH UHFRYHU\ RI DOFRKROV IURP DTXHRXV VROXWLRQV LV LPSRUWDQW SUREOHP 1RZDGD\V WKLV
SUREOHP EHFRPHV HVSHFLDOO\ UHOHYDQW GXH WR WKH KLJK LQWHUHVW LQ SURGXFWLRQ RI DOFRKROV E\
ELRORJLFDOFRQYHUVLRQRI UDZPDWHULDO ELRDOFRKROVEHFDXVH WKH\DUHFRQVLGHUHGDV UHQHZDEOH
HQHUJ\FDUULHUVHWKDQRODQGEXWDQRO
,W LVNQRZQWKDWDWWKHHQGRIWKHELRFRQYHUVLRQSURFHVVWKHFRQFHQWUDWLRQRIDOFRKROVLQ




PDWHULDOELRFRQYHUVLRQDQG\LHOG LQFUHDVH >@$OOPHWKRGVPHQWLRQHGDERYHDOORZ WRRUJDQL]H
UHFRYHU\ LQ VXFK D ZD\ H[FHSW WKH GLVWLOODWLRQ ZKLFK FDQ EH DSSOLHG RQO\ DIWHU WKH HQG RI
IHUPHQWDWLRQ0RUHRYHUGLVWLOODWLRQLVWKHPRVWHQHUJ\FRQVXPDEOHSURFHVVFRPSDUHGWRRWKHUV
([WUDFWLRQDQGDGVRUSWLRQGHPDQGVDGGLWLRQDOVWDJHRIDOFRKROHOLPLQDWLRQIURPDSSOLHGVRUEHQW
ZKLFK DOVR KDV WR EH ´IULHQGO\´ WRZDUGVPLFURRUJDQLVPV*DVVWULSSLQJ DQGSHUYDSRUDWLRQ DUH
FRQVLGHUHG DV WKH PRVW SHUVSHFWLYH SURFHVVHV IRU UHFRYHU\ RI ELRDOFRKROV >@ ERWK KDYH
LPSRUWDQW DGYDQWDJHV DQG GUDZEDFNV *DV VWULSSLQJ SURFHVV LV VLPSOH DQG FDQ EH HDVLO\
LQWHJUDWHG ZLWK ELRUHDFWRU EXW VHOHFWLYLW\ RI DOFRKRO VHSDUDWLRQ IURP IHUPHQWDWLRQ EURWK LV
PRGHUDWHDQGLQYDULDEOHEHFDXVHLWGHWHUPLQHVVROHO\E\OLTXLGYDSRUHTXLOLEULXP3HUYDSRUDWLRQ
VKRZVKLJKVHOHFWLYLW\GXULQJDOFRKROUHFRYHU\EXWGLUHFWFRQWDFWRIPHPEUDQHZLWKIHUPHQWDWLRQ
EURWK OHDGV WR PHPEUDQH IRXOLQJ DQG FDQ QHJDWLYHO\ DIIHFWPHPEUDQH SURSHUWLHV GXH WR WKH
XQGHVLUDEOH DEVRUSWLRQ RI GLIIHUHQW RUJDQLF VXEVWDQFHV E\SURGXFWVZKLFK DOZD\V SUHVHQW LQ
ELRUHDFWRUPHGLXP
$ FRPELQDWLRQ RI JDV VWULSSLQJ ZLWK PHPEUDQH VHSDUDWLRQ RI JDVYDSRU SKDVH LV
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5DXO¶V ODZDW ORZFRQFHQWUDWLRQVRIDOFRKRODQG WKHUHIRUHYDSRU SKDVH LVHQULFKHGE\DOFRKRO
FRPSDUHG WR OLTXLGRQH$VD UHVXOW LWPDNHV WKHUHFRYHU\RIDOFRKROV IURPYDSRUSKDVHPRUH
DWWUDFWLYHWKDQIURPOLTXLG7KHYDSRUSKDVHPHPEUDQHVHSDUDWLRQPHWKRG9306VXJJHVWHG
LQWKLVZRUNIRUDOFRKROUHFRYHU\LVDSSOLHGLQFRPELQDWLRQZLWKJDVVWULSSLQJ6XFKFRPELQDWLRQ
LV FRQVLGHUHG DVPRUH HIIHFWLYH DQG HQHUJ\ VDYLQJ SURFHVV FRPSDUHG WR JDV VWULSSLQJ LWVHOI




3RO\WULPHWK\OVLO\OSURS\QH 37063 SRO\PHWK\OSHQW\QH 303 DQG
SRO\YLQ\OWULPHWK\OVLODQH 39706 ZHUH LQYHVWLJDWHG DV PHPEUDQH PDWHULDOV IRU UHFRYHU\ RI
DOFRKROYDSRUV/DERUDWRU\WHFKQLTXHRISUHSDUDWLRQRIFRPSRVLWHPHPEUDQHVEDVHGRQ37063
DQG303ZDVGHYHORSHG&RPSRVLWHPHPEUDQHVZLWKGLIIHUHQWWKLFNQHVVRIVHOHFWLYHSRO\PHULF
OD\HUZHUHREWDLQHGRQSRURXVVXSSRUW EDVHGRQSRO\YLQ\OLGHQIWRULGH 39')0DVV WUDQVIHU
FKDUDFWHULVWLFV RI PHPEUDQHV ZHUH PHDVXUHG IRU YDSRUV RI VXFK LQGLYLGXDO FRPSRQHQWV DV





,W ZDV IRXQG WKDW PHPEUDQHV EDVHG RQ SRO\PHUV ZLWK KLJK IUHH YROXPH 37063 DQG
303 SURYLGH WKH GRPLQDQW SHUPHDQFH RI RUJDQLF YDSRUV LQ FRPSDULVRQ ZLWK ZDWHU YDSRUV
2UJDQLF YDSRU SHUPHDELOLW\ RI LQGLYLGXDO FRPSRQHQWV DQG LGHDO RUJDQLFZDWHU VHOHFWLYLW\
LQFUHDVHDVWKHVL]HRISHQHWUDQWPROHFXOHVLQFUHDVHVDQGWKHLGHDOEXWDQROZDWHUVHOHFWLYLW\LV
KLJKHU IRU 303 WKDQ IRU 37063 )RU H[DPSOH IRU WKH WHPSHUDWXUH  & DQG LQLWLDO
FRQFHQWUDWLRQRIEXWDQROLQOLTXLGSKDVHHTXDOWRPDVV303EDVHGPHPEUDQHSURYLGHVWKH
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7KHHVWLPDWLRQRIHQHUJ\FRQVXPSWLRQIRUEXWDQROUHFRYHU\E\VXJJHVWHGFRPELQDWLRQRI
JDVVWULSSLQJZLWKYDSRUSKDVHPHPEUDQHVHSDUDWLRQPHWKRGZDVFDUULHGRXW2EWDLQHGYDOXHV
RIHQHUJ\GHPDQG IRU UHFRYHULQJRINJRI%X2+DUH ORZHU WKDQYDOXHVHVWLPDWHG IRUVWDQG






SKDVH PHPEUDQH VHSDUDWLRQ PHWKRG LV FRQVLGHUHG 9DSRU WUDQVSRUW DQG VHSDUDWLRQ
FKDUDFWHULVWLFVRIPHPEUDQHVEDVHGRQ37063303DQG39706ZHUHPHDVXUHGIRURUJDQLF
DQG ZDWHU YDSRUV (VWDEOLVKHG YDOXHV RI IOX[HV DQG VHSDUDWLRQ IDFWRUV IRU 37063 EDVHG
PHPEUDQH DUH LQ JRRG DJUHHPHQW ZLWK SHUYDSRUDWLRQ GDWD UHSRUWHG LQ OLWHUDWXUH 2EWDLQHG
UHVXOWV VKRZ WKDW PHPEUDQHV EDVHG RQ DOO VWXGLHG SRO\PHUV FDQ EH VXFFHVVIXOO\ DSSOLHG LQ
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